
BELLS AT THE NEW PALACE, WESTMINSTER. 13 

Mr. ARTHUR FRY said, he was not  practically  acquainted with 
the  art of bell-founding ; he could only inform the Meeting, that 
Messrs. Warner  and Sons attributed  the fracture of their bell,  to 
the enormous weight of the hammers with which it had been 
struck. 

Mr. QUARM had noticed, at  various times, in the  striking of the 
present large bell, a difference of sound. When  the hammer did 
not rest upon the bell after  the blow, the sound was good and 
clear;  but if the hammer was not  immediately  recovered by the 
recoiling apparatus,  and was thus allowed to rest, on the bell, it pro- 
duced a chattering  and a numbness in the sound which impeded 
the ’vibrations, and, to use the technical expression, stunned ’ 
the bell. The Rev. W. Taylor,  he believed, was also of  opinion, 
that  the  chattering of the hammer upon a bell  operated most pre- 
judicially upon the sound, as well as upon the bell itself. If a bell 
was fairly  struck with a hammer of a moderate size, the weight 
was not of much importance; but if the hammer was allowed 
to  rest on the bell after  the stroke, it would, sooner, or  later, 
destroy it. The effect of an  ordinary clapper striking a bell, 
was very different from that produced by the whole force of the 
weight of a clock hammer. The weight of an  ordinary  dapper 
resting, after  the blow, on the  side of the bell,  when it was in  the 
act of turning, with its mouth upwards, was very different to that 
of a hammer weighing 7 cwt., st,riking with all  its force of gravity, 
upon the outside of the bell, when in a con~paratively  rigid 
state. He was opposed to the opinion, that  the  resting of t,he 
ha.mmer upon the bell, and the defective arrangement of the 
apparatus for striking, had not  materially  conduced  to the  fracture 
of the bell. He attributed  the  fracture of the first bell, to  the 
excessive weight of the clapper used in making  the experiments, 
and  the enormous power required  in  pulling  it, eight men having 
been so employed under Mr. Denison’s direction. 

Mr. CHARLES MAY observed, that  the first bell was struck by a 
blow from the inside ; the fracture, consequently, could not have 
been due  to chattering. He  was present at  the experiments upon 
the first bell, and  he  heard  it crack very distinctly ; he mentioned 
it at the  time  the blow  was st,ruck, and  the  fact was  soon after- 
wards verified. H e  believed the fracture to have been due  to  the 
hardness of the composition employed in the manufacture ; for  no 
large bell with so great a proportion of tin,  could possibly resist a 
succession of heavy blows. The clapper, which weighed 12 cwt., 
was a mass of wrought iron of an elliptical section. H e  measured 

1 Mr.  Loseby, at  the commencement of the discussion,  offered some remarks on 
the subject, but as  they  have  been  already  published in several  scientific  periodicals, 

Minutes of Proceedings. 
they  are, by the Bye-Lams,  Section  xiv.,  clause 3, precluded  from  appearing  in the 
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the  extent of the impression which had been made upon the 
wrought-iron  clapper, and found it  to  be  about 4 inches long 
and 2$ inches wide. There was not any visible impression 
upon the inside of the bell, the  metal of  which was, consequently, 
harder  than wrought iron. H e  thought  the designer of that bell 
could have known little, or nothing of the alloys of tin  and copper, 
or he never would havc adopted those proportions. With  but a 
very  slight  increase of tin, the  result was a composition more 
brittle  than glass. H e  had no doubt, that  the defective quality 
of the bell, had  arisen from its thickness, and  the too great pro- 
portion of tin. H e  could not  venture to say, whether such a 
mass of metal could be made by a very long process of annealing. 
I n  Mr. Mallet’s work on  Artillery,’ a list was given of the atomic 
proportions of different alloys of copper and tin. In  weight, 6 
atoms of copper to l of tin were in the proportion of 76.29 to 23.71. 
T h e  metal used in  the composition of the bell, was in the propor- 
tion of 76.29 parts of copper to 24.27 parts of tin, or about 2 per 
cent. more  tin. If the above-named atomic proportion was 
aimed  at,  the  quantity of tin was nearly right,  as this metal was 
apt  to diminish in  melting more than  the copper ; but Mr. Mallet 
put  its specific gravity at 8.75, whereas that specified in the con- 
tract was 8.9. Mr. Mallet  marked this  alloy as ‘ brittle.’ 

Mr. QUARM stated, that the first bell had been also  frequently 
struck on the outside by a hammer  weighing 12 cwt., and  that  the 
proportions of the metals  were the same  in both bells. H e  did 
not  attribute  the failure of the hell exclusively to  the  chattering. 
T h e  metal was excessively hard,  and required a powerful blow to 
produce the sound. This hardness, and  the brittleness due to the 
too great proportion of tin  in  the composition of the bell, combined 
with the weight of the hammer employed for striking it, and  the 
defective apparatus used to take  up  the recoil of the hammer 
after  the blow, were the causes of the fractures. 

Mr. W. SMITH observed, that  the  Paper  related only to the 
mechanical  means employed to raise  the bell to  its position ; but 
the discussion had  turned upon the composition of the bell. H e  
had been informed, that  the proportions  actually used were 7 parts 
of tin  to 22 parts of copper ; but it was desirable  to have that fact 
stated authoritatively, as he  had understood, that Mr. Denison did 
not recognise as authentic,  any  statements relative  to the bells, or 
their casting, unless made by himself. It was also desirable  to know, 
whether the contractors for the bells  were permitted to  make any 
variation from the specification supplied to  them by Mr. Denison, 
in whom, he believed, was vested the  entire responsibility. 

4to. By B. Mallet. London, 1S56. Page 82. 
1 ride ’‘ On the Physical  Conditions involved in the Construction of Artillery.’’ 
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Mr. CHARLES MAY said, there was no mention of the  quality of 
copper used in these bells. It was  well known, that Russian 
copper was charcoal-smelted, and so superior to  any manufactured 
in  England,  that  the Russian  copper  coinage was largely intro- 
duced  into  this country, for the use of certain classes of artists. 
H e  thought  it probable, that most of the  Continental bells were 
made of charcoal-smelted copper, which would give them  greater 
toughness than those made of copper smelted by coke. 

Mr. BRAMWELL inquired whether the  metal of the first bell was 
used in  casting  the second bell ; and if so, in what way the 
proportions were ascertained in the second casting ; for he was not 
certain, that  the  same proportions of tin would remain, after  re- 
peated  and long-continued fusion. 

Mr. GEORGE MEARS replied, that  in accordance with the stipu- 
lations of the contract, the metal of the first bell was used  in 
casting  the second bell, with the addition of new metal  made in 
the same proportions as before. The composition was limited  to 
22 parts of copper and 7 parts of tin, and the specific gravity  to 
8.9, from which no  variation was permitted. The contract further 
provided, that the bell was not to be paid for, until Mr. Denison 
and  the Rev. William Taylor had certified in writing  to the  First 
Commissioner, their approval of the bell, and  that  they were to 
be at liberty  to  reserve their certificate until  the  metal  had 
been analysed. A piece was, accordingly, taken by Mr. Denison, 
for  the purpose, as Mr. Mears was informed, of being  analysed ; 
after which, payment was made on the  joint certificate of the 
referees. 

Mr. GREAVES remarked,  that  the lift of the hammer was stated 
to be 13 inches;  but it did not appear whether that was a vertical 
motion, or a movement a t  some particular angle. 

Mr. POLE said, that as the musical quality of the  Westminster 
bells had been alluded to, he could state, that  the lower, or B bell 
of the  quarters, seemed imperfect ; it gave  the impression of being 
too flat in pitch, but  the note was generally  indistinct, and  the  tone 
disagreeable. The other  three quarter-bells, E, F#, and G#, were 
better,  and  the chimes would, he conceived, have an  agreeable 
effect,  if the lower bell were perfect. 

The  great bell had a serious musical defect, as in addition 
to  its principal  note E, and the harmonics properly  accompanying 
it, it sounded  also a false  note, not contained in  the harmonic, or 
indeed in any musical scale ; something between C# and D. This 
was very prominent, and  the effect to  those  living near was excru- 
ciating, the defect in tone being universally complained of, even 
by those who were unable to define its musical nature. No such 
false note was observable  in the first bell ; and as the evil had 
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latterly,  he believed, become  worse, he was inclined  to attribute  it, 
either  to  the  crack, which was understood  to  have  existed some 
time  before it was discovered, or to some injudicious mode of 
striking  the bell. 

Mr. SEWELL inquired  whether  bell-founders  had  turned  their 
attention  to  the effects of the sound, or vibration waves caused by 
the heavy hammer, as the  cause of fracture of the  Westminster 
bells. From observations, some years  ago, of the  peculiar  clean 
fractures of railway  axles near  the naves of the wheels, or  at  the 
angle of the  bearings,  he was led  to  the conclusion, that  the 
granulated point of fracture coincided with the  angular point 
where the concussive wave of vibration,  arising from the  impacts 
of the flanges of the wheels against  the  rails, would be arrested by 
the nave of the wheel, or the  angle of the  axle  bearing. A similar 
conclusion was arrived  at,  in  regard  to  the effects of the  vibratory 
waves of expansion  and  contraction, in injuring  the  plates of boilers, 
at particular  parts,  where  those waves  were arrested by riveted 
joints, or angles,  and  he  had  stated those views  in a  Paper " Ou 
Steam Boiler Explosions,"  read, in 1854, by Mr. W.  Fairbairn, 
(M. Inst. C.E.,) before  the  British  Association at  Manchester.' 

'' Some  years  since, the  writer called the  attention of a  leading manu- 
facturer of boiler plates  to  this  description of plates, but some  objections 
were  urged as  to  the difficulty of rolling  thiclr-edged  plates, but  it  cannot 
be an  insuperable  one  in  these  days of progress. Another  source of injury 
t o  boilers,  and  one  that is seldom  noticed, is  the liability of the plat,es 
being  subjected to  chisel  cuts,  and  the  joints  to caulking-tool  nicks. Ex- 
periments  on  the  strength of iron have, in  many instances,  accidentally 
shown the decided  loss  of  strength by abrasions of the surface so slight, 
that  they were not  detected  until  the  early  fracture of the iron showed 
their  injurious effect, and  ordinarily,  little  care  is  taken  to avoid such 
abrasions of the surface in making  boilers. With  such  cuts,  or  nicks a t  
any part of a  boiler, where  the  vibrations of contraction  and  expansion 

ayface,  the fibrous structure of the iron is liable to slow, but certain 
are  arrested by any sudden change in the thickness, or the level of the 

mnJury. Analogous to  this source of fracture  are  the  numerous well-known 
instances, of railway  axles breaking  with  more,  or less depth of a crystalline 
appearance  from the surface, but  with  the  central  portion  fibrous. Much 
discussion  has  taken  place  on this  apparent  conversion of iron,  originally 
fibrous, into a  crystalline  state,  but i t  appears to  the writer,  that  this con- 
version is strictly local, and confined to  a sectional line, where  some 

vibration, produced by  the oscillation of the vehicle, so that a  broken  axle 
change of the diameter of the axle journal  arrests the surface-wave of 

may exhihit a crystalline  appearance a t   the  fracture,  and be quite  fibrous 
on  each  side of that fracture.  Generally, the fracture  presents  a worn 
appearance  more, or less  deep, next  a  crystalline  aspect,  whilst the  centre 
shows the original  fibrous structure of the axle. Incipient  fracture  had 

the steadily  deteriorating  vibratory  concussions were  destroying the fibrous 
commenced at   the surface,  and  attrition  had  afterwards worn i t  there, whilst 

iron  in  the  line of these concussions, until  fracture  took place under  an 

Vide illc ''Mining Journal," 1S54. 
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ordinary load,  which had  been safely  carried  many  hundreds of times. It 
is well known to practical  men, that  fractures chiefly  occur at   the angle 
of the  journal  next  the wheel, and  appear t o  be  due  to  the waves of 
vibration  being  arrested  by  these  angular  changes of the surface. The 
cohesion is ultimately  injured  there, beginning at   the surface, and  gradu- 
ally deepening,  therefore the  time of fracture will be more, or less prc- 
longed,  according to  the peculiar  circumstance of each  case. The  crystal- 
lization is  thus believed to  be confined to  the line of fracture,  where 
contrary  currents  meet, or are  arrested  by  irregularity of surface ; and 
if this  is a correct view of the cause of these axle  fractures, i t  shows, that  
whenever iron  has to  sustain  numerous  constant  vibrations,  whether  pro- 

abrupt angles, or shoulders  should  be avoided, so far  as it is  practicable 
duced  by  motion  as  in railway  axles, or by  heat  and  pressure  as  in boilers, 

to  do so ” 

On seeing the heavy  hammer striking  the first Westminster 
bell, suspended from a frame  in New Palace  Yard,  and considering 
the probable  effect of the  meeting of the powerful waves  of sound, 
or vibration thus produced, and passing  round the bell in opposite 
directions, he  had  stated his belief, that it was only a question of 
time, how long  the cohesive power of the bell metal would resist 
the  granulating tendency of the  meeting of these waves of vibra- 
tion, before fracture would ultimately occur ; and as anticipated, 
the first bell failed at  a point almost  immediately opposite the  part 
struck, and  the second bell had likewise failed by fracture oppo- 
site the point of impact of the heavy hammer against  the bell. If, 
then, the conflict of the waves of sound, or vibration, set in motion 
by the blows of the heavy hammer tended  to produce, first, a 
more  granular  structure of the metal, and, secondly, ultimate 
fracture,  it would appear,  that  the power of cohesion was unequal 
to resist the  vibrating power of disintegration, and  that  under 
such circumstances, fractures were only questions of time. If this 
view  of the cause of the  fractures of the bells was approximately 
correct, it followed, that cohesion to  resist the  vibrating force of such 
heavy blows, was an element to be duly considered in  the compo- 
sition of bells, as well as  the proportion and thickness of metals to  
produce the  required musical tones. 

The meeting of opposite tidal, or river waves  would illustrate,  on 
a mag.nified scale, the  meeting of the vibrations, or sound waves of 
bells, Just as the force of a tidal wave against a wall, or rock, illus- 
trated  the effects of arresting  the wave  of concussion in railway 
axles, where pieces of iron even, of 3 inches and 4 inches in 
diameter, became quite  granular  at  that  part only, and fracture took 
place so frequently, as to  lead to a change  in  the form and size of 
the  axle bearings. 

It appeared  to him, that  the  fractures of the bells had arisen, 
from the cohesive power of the metals  having been destroyed a t  
the point of meeting of the opposite vibratory waves of sound, and 
that  other bells similarly made  and  struck would share a similar 

[1859-60. N.S.] C 
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fate, unless the force of those vibrations could be lessened, or the 
cohesive force of the  metal be sufficiently increased to successfully 
resist  them, as  in  ordinary bells. 

Mr. J. W. PAPWORTH said, that  in old beils, such as the Bour- 
don, (1680,) of Notre  Dame, at Paris,  the clapper was frequently 
of harder  material  than  the bell. On striking glass bells, which from 
their  material were as good for experiment as  metal bells, there 
was no difference of sound due to the  greater,  or less hardness of 
the clapper, which might  be of metal, or of wood;  the  striking 
force, and  not  the hardness of the clapper, being yroductive of 
more, or less sound. The easiest way of breaking a glass  bell 
was either  to  put  something immoveable and  hard,  as small as a 
pin’s point, against  the bell opposite to  the place where it was 
struck ; or to give repeated blows, however light, with great 
rapidity. H e  suggested for consideration,  whether the shortness 
of the  interval between the blows, did not tend to cause fracture in 
metal bells. With  regard to the composition of old bells abroad, 
he believed, that  not only the Russian bells, but those of the 
Continent generally,  contained other  metals besides those of tin  and 
copper, and  that  the point deserved consideration, although he 
admitted, that  the  quantity was very limited,  perhaps so much so, 
that founders would probably think it too  trivial  to produce any 
result of practical importance. The  treatment of copper by char- 
coal  had, of course, been always and universally, the practice 
abroad. 

Mr. CHARLES MAY suggested, that the experiment  should be 
tried, of drilling a hole through  the bell at the  end of the  crack. 
H e  had known that plan to  have been followed with success, in 
bells of moderate size. Perhaps it might  be found, as in the case 
of the  last bell, that  there was some extraordinary mistake as to its 
thickness. T o  ascertain  the thickness of the first bell, recourse 
was had  to drilling, whilst by the simple expedient of an inside 
and outside  template, it  might easily have been ascertained  to the 
twentieth part of an  inch. 

Mr. JAMES said,  in reply, that according to the best authorities, 
the proportions used in  the  German bells, were 80 parts of copper 
and 20 parts of tin. The vertical fall of the hammer last employed 
upon the  Westminster bell was 10 inches, and  the lineal move- 
ment 13 inches. H e  was present, on one occasion, with Mr. 
Denison at  the foundry of Messrs. Mears, when an experiment 
was  made upon three  small bells of different alloy. The first, 
which contained no silver, broke  into many pieces from a smart 
blow of a knife. The second, which contained silver to  the  extent 
of sixpence, broke  after a certain number of blows ; but  the third, 
which contained a shilling, withstood the greatest  number of  blows, 
although it also, eventually, broke. H e  then  suggested  to Mr. 
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Denison, the propriety of making some alteration  in  the alloy of the 
great bell. H e  would add,  that  he  thought  the addition of silver 
to  the alloy did not improve the sound of the bell, but it gave 
greater toughness to the  metal. 

The holes were drilled  in  the first bell by Mr. Denison’s special 
order. With  regard  to  the experiment  suggested, he believed it 
to be useless, for if a bell was cracked, it would produce a different 
note, and  in some cases, no correct note at all. 

Mr. APFOLU believed the experiment of drilling would answer. 
H e  produced a small bell,  which had been sawn through  to  the 
extent of 1% inch, yet it still  sounded. 

Mr. JOHN MuwHY,-through the Secretary,-stated, that  in his 
early days, he  had  had considerable experience in  the different 
qualities of copper. In  a work of such vast importance as 
the  great Westminster bell, the copper should be selected, and 
proved to be what is technically called ‘tough copper,’ bending 
easily, both when hot  and cold. Bell and brass-founders, in 
general, paid little  attention  to  this point, and were satisfied with 
what was termed  ‘made metal,’ or metal  made at other establish- 
ments to a certain consistency of temper. Although theorists were 
aware, that copper was the predominant metal  in bells, they did not 
know the best proportions for producing a good  tough bell, nor the 
quantity of granulated  tin required to give  to the  metal a proper 
tenacity. Some founders did not use either  granulated tin, or 
refined tin, but  the common  block tin. When  granulated tin was 
used, with certain proportions of refined tin, and  pure virgin 
copper, proper care  being  taken  during  the fusion, and every pre- 
caution used to  insure a perfectly dry mould, a good sound bell 
must be the result. Another very important point in casting, but 
one often neglected, was to  break away the solid core while still at 
a black red  heat, to allow of the contraction consequent upon the 
cooling of the  bell: this could easily be effected by mechanical 
appliances placed at  the  bottom;  nor was there any danger  to  be 
apprehended, for  red-hot bell-metal was as flexible as india-rubber. 
Bells had often been cracked, by allowing their cores to remain 
inside  till they were cold. With respect to the shape of bells, the 
best rule for  producing a good vibration was to make the width at 
the mouth, or widest part, double of that at the narrow part inside, 
close to the crown, and its perpendicular height inside, three- 
fourths of the  diameter a t  the mouth. H e  would not recommend, 
that  the  material of the present  bell should be employed in  the 
recasting, as it would be too much impoverished by the  frequent 
melting. 

The bell  constructed by himself, which was selected by 
Mr.  Dent  to  strike  the hours, in connection with his great clock in 
the  centre of the hall of the  Great Exhibition of 1851, was pur- 

c 2  
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chased by the  Great  Northern Railway Company, and was now in 
use at King’s Cross Station. It was composed of t,he purest 
copper, and of both refined and  granulated  tin,  in certain  propor- 
tions ; its weight was about 284 cwt. The diameter at the mouth, 
which was 4 feet 7 inches, was rather more than double the width 
at  the  upper  part inside, and  the perpendicular  height was a little 
less than three-fourths of the widest diameter. The thickness of 
the sound boN was 32 inches. The note was D. The same  note 
could  be produced with 5 cwt. less of metal, but  the bell would be 
weak and bad. 
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